A 26-year-old patient developed a symptomatic pericardial effusion 3 weeks after placement of an automatic implantable cardioversion device and a biventricular pacemaker with an epicardial ventricular lead. His medical history included congenitally corrected transposition of the great arteries (CC-TGA) and chronic congestive heart failure. Consent for this presentation was obtained from the patient.
A 26-year-old patient developed a symptomatic pericardial effusion 3 weeks after placement of an automatic implantable cardioversion device and a biventricular pacemaker with an epicardial ventricular lead. His medical history included congenitally corrected transposition of the great arteries (CC-TGA) and chronic congestive heart failure. Consent for this presentation was obtained from the patient.
The patient underwent creation of a pericardial window. Because the pericardial fluid appeared sanguineous, transesophageal echocardiography was requested for surgical guidance and surveillance for fluid reaccumulation.
The midesophageal (ME) 4-chamber view established situs solitus, because the left atrium, identified by its appendage and pulmonary veins, was to the left of the interatrial septum (Video 1, loop 1; see Supplemental Digital Content 1, http://links.lww.com/AA/A182; see Appendix for video legend). The atrioventricular valve to the left of the interventricular septum was identified as the tricuspid valve (TV) by its apical position and chordal attachment to the septum (Video 1, loop 2, http://links.lww.com/AA/A182), thereby identifying the heavily trabeculated ventricle to the left of the interventricular septum as the morphologic right ventricle (RV). The atrioventricular valve to the right of the interventricular septum was identified as the mitral valve (MV) by its basal position, establishing the ventricle to the right of the interventricular septum as the morphologic left ventricle (LV). The LV morphology was confirmed by its elongated cavity, smooth endocardial surface, and presence of distinct papillary muscles.
Maintaining the dextropositioned ventricle in the center of the sector, forward rotation to 51°(modified ME inflowoutflow view) allowed visualization of a fibrous continuity between its inflow and outflow valves (MV and pulmonic), indicative of LV morphology (Video 1, loop 3, http://links.lww.com/AA/A182). Further rotation to the ME long-axis (LAX) view imaged the ventricle to the left of the interventricular septum and identified extensive coarse apical trabeculations and fibrous discontinuity between the TV and aortic valve caused by the presence of the RV infundibulum (conus), characteristic of RV morphology. The aorta was visualized anterior and parallel to the pulmonary artery (PA) (Video 1, loop 4, http://links.lww.com/AA/A182); the main PA was further identified by its branching into the right and left arteries. Rightward rotation of the transducer to the bicaval view confirmed the situs solitus because the right atrium, identified by its appendage, great veins, and the coronary sinus, was to the right of the interatrial septum (Video 1, loop 5, http://links.lww.com/AA/A182).
The transgastric short-axis view confirmed the trileaflet structure of the TV (Video 1, loop 6, http://links.lww.com/AA/A182) and allowed the functional assessment of the systemic (morphologic right) ventricle (Video 1, loop 7, http://links.lww.com/AA/A182).
The patient tolerated the procedure well and was returned to the ward in satisfactory condition.
DISCUSSION
Identification of cardiac anatomy is based on the segmental morphologic analysis of the venoarterial sequence: determination of the visceroatrial situs and atrioventricular and ventriculoarterial connections. Visceroatrial situs is determined by the laterality of the atria to the interatrial septum. The right atrium is defined by a broadly based right atrial appendage and confirmed by the presence of the great veins and the coronary sinus. The left atrium is defined by a more tapered tubular left atrial appendage, and confirmed by the presence of the pulmonary veins. 1 CC-TGA is characterized by atrioventricular and ventriculoarterial discordance: the right atrium connects with the dextropositioned morphologic LV, which outflows into the PA, whereas the left atrium connects to the levopositioned morphologic right systemic ventricle, which outflows into the aorta (Figs. 1 and 2). The anatomic description "levo-transposition of great arteries" (l-TGA) describes the aortic valve's position anterior and to the left of the pulmonic valve. The term "l-loop" refers to the position of the morphologic RV to the left of the interventricular septum. The moniker "CC-TGA" reflects the normal pattern of circulation (systemic venous return toward the PA, and pulmonary venous return toward the aorta). 2 The constant association between the ventricular morphology and the corresponding atrioventricular valve makes imaging of the cardiac crux in the ME 4-chamber view crucial. The level of attachment of the atrioventricular valve's septal leaflet is a defining clue: a more apical location points to the TV, and by extension, to the morphologic RV. RV morphology is defined by coarse apical trabeculations and is further confirmed by TV chordal attachments to the interventricular septum, prominent moderator band, and a muscular infundibulum. Conversely, basal position of the MV identifies the morphologic LV with its characteristically smooth endocardial surface and presence of papillary muscles. 3 The origin of the great arteries is visualized by forward rotation of the plane from the ME 4-chamber view. The ME inflow-outflow view of the dextropositioned ventricle allows visualization of the fibrous continuity between the MV and pulmonic valves, an LV morphologic characteristic. The ME LAX view of the levopositioned ventricle demonstrates fibrous discontinuity between the TV and aortic valves because of the presence of a subaortic portion of infundibulum (conus), characteristic of RV morphology. The aortic valve is usually identified anterior and to the left of the pulmonic valve. The great arteries, identified by their branching pattern, are noted to be in parallel, in contrast to their normally oblique course. 4 The coronary circulation in CC-TGA is concordant, resulting in diminished coronary flow reserve to the systemic ventricle (morphologic right), which is supplied by a single right coronary artery arising from the left coronary sinus. 5 Systemic RV dysfunction progresses with age, often preceded by the development of tricuspid regurgitation. 6 Cardiac failure can be further worsened by complete atrioventricular block secondary to fibrosis of an abnormally positioned atrioventricular node and His bundle, and conduction abnormalities after corrective procedures for tricuspid insufficiency and other comorbidities, such as ventricular septal defect and pulmonary stenosis.
In conclusion, in CC-TGA, the determination of the visceroatrial situs is followed by the identification of atrioventricular valves and, by extension, the ventricles, in the ME 4-chamber view. Forward rotation to ME inflowoutflow view allows visualization of the morphology and function of the dextropositioned ventricle and its inflow and outflow valves; the ME LAX view allows visualization of the ventricle to the left of the interventricular septum. Monitoring the transgastric short-axis view is predicated by the understanding that the morphologic RV to the left of the interventricular septum has a systemic function and is supplied by a single coronary artery. • In congenitally corrected transposition of the great arteries (CC-TGA) the "double" discordance (atrioventricular and ventriculoarterial) results in a normal direction of blood flow. The systemic venous return flows from the right atrium to a morphologic left ventricle (LV) before ejection through the pulmonic valve into the pulmonary artery, while pulmonary venous blood passes from the left atrium to a morphologic right ventricle (RV) before ejection through the aortic valve into the aorta. • Imaging of the cardiac crux in the midesophageal (ME) 4-chamber view is particularly important because the constant association between atrioventricular valves and ventricles is used to identify the ventricles. The tricuspid valve is identified by its more apical position and is associated with the morphologic RV, which is heavily trabeculated. On the opposite side of the interventricular septum is the more basally located mitral valve, which is associated with the morphologic LV, characterized by a smoother endocardial surface and distinct papillary muscle. In the ME inflow-outflow view, the morphologic RV has fibrous discontinuity between the inflow and outflow valves, whereas in the morphologic LV, the inflow and outflow valves are adjacent (ME long-axis view). • In CC-TGA, the outflow valves are identified by the anatomic features of the great vessels: the pulmonic valve is at the root of the bifurcating main pulmonary artery (which runs parallel to the aorta) and is posterior and to the right of the aortic valve. The visceroatrial connections are correct (situs solitus) as seen in the ME views: the right atrium is connected to the vena cavae and the coronary sinus and has a broad-based appendage, whereas the left atrium demonstrates pulmonary venous connections along with a more tubular appendage. • In cases of CC-TGA, transesophageal echocardiography is used to identify the position of the cardiac chambers, valves, and great arteries and to assess performance of the systemic ventricle (morphologic RV), which has a single coronary artery supply. Systemic ventricular failure becomes more likely with increasing age and is often accompanied by tricuspid regurgitation.
APPENDIX: VIDEO LEGEND-1 VIDEO WITH 7 LOOPS

